These microorganisms have been reported to contain nutrients, sugar, and amino acids, and to benefit plants by producing growth-promoting bioregulators (auxin, GA, and cytokinins), vitamins, amino acids, and other secondary metabolites [2] [3] [4] [5] [6] [7] [8] . Cyanobacteria strains are able to fix atmospheric nitrogen and enrich the soil, rice, and wheat with this macroelement [9] [10] [11] . This blue-green algae can also produce fycocyanine and other active compounds that inhibit the growth of pathogenic bacteria and fungi [12] [13] [14] , and increase growth and development of gillyflower and grapevine [15, 16] . Some papers suggest that cyanobacterial activity improves soil structure and porosity by secretion of polysaccharides and mucilage so they can be used as soil biofertilizers [11, 17] . It also has been reported that they can play an important role in symbiosis with other organisms, including higher plants [18] . In recent years, more and more attention has been paid worldwide to the use of Cyanobacteria and green algae to intensify organic plant production, particularly in the context of a changing climate. However, data concerning this issue are still very scarce.
Because of the lack of information, the aim of the presented research was to investigate the influence of Microcystis aeruginosa MKR 0105, Anabaena sp. PCC 7120 (Cyanobacteria), and Chlorella sp. (green algae) monocultures on rooting of cuttings and growth of willow plants under laboratory and field conditions. To elucidate the mechanism of Cyanobacteria and green algae influence on rooting and plant growth, the physiological activity that has an important impact on these processes was studied in a growth room and in the field.
Material and Methods
Woody cuttings of willow (Salix viminalis L.) were collected from mother plants according to a general procedure and then treated with Cyanobacteria and green algae. Monocultures of two species of Cyanobacteria (Microcystis aeruginosa MKR 0105, Anabaena sp. PCC 7120, and one green algae Chlorella sp.) were cultivated at the University of Lodz on BG11 medium (ATCC Medium 616) at 27ºC under an 18 W FAREL lamp , according to the procedure elaborated by Romanowska-Duda et al. [16] . Prior to application, each monoculture was centrifuged for 2 min. (4000 rev/min.) and suspended in water. Then the number of cells was counted using a Fuchs-Rosenthal hemocytometer. The cell density used in experiments was estimated to be 2.5×10 5 cells·ml -1 of water. For every application, two forms of each monoculture were used, not sonicated and sonicated in the ultrasonic homogenizer (OmniRuptor 4000; Omni International) for 15 minutes, using the titanium head Micro Processing Tip (5/32**) and ultrasound frequency of 20 kHz, amplitude 80%, and pulses 0.7 sec., separated by 0.3 sec. intervals.
All monocultures of Cyanobacteria and green algae (not sonicated and sonicated), were applied to willow woody cuttings as follows: 1. By soaking of cuttings for 4 days at 20ºC in these microalgae in flasks, aerated daily (conditioning). . The roots were kept in the dark. In the field, each series was set up in a completely randomized block design, in three replicates for each treatment. Every replicate contained 10 cuttings/plants grown individually in separate three-litre containers.
In all mentioned cases, rooting of cuttings and subsequent growth of plants were studied, as well as their physiological activity to elucidate the mechanism of how these green blue algae affect rooting and plant growth. The effects of Cyanobacteria and green algae application on rooting of cuttings and plant development in the growth room were evaluated by measuring the number of roots and shoots, dynamics of root and shoot growth, and their fresh and dry weight. In the field, total length of shoots (every month) and their fresh and dry weight were examined.
The physiological activity in cuttings and plants (in the growth room and in the field) was studied by measuring the activity of acid (pH=6.0) and alkaline (pH=7.5) phosphatase, RNase, dehydrogenase, index of chlorophyll content, activity of net photosynthesis, transpiration, stomatal conductance, intercellular CO 2 concentration, and electrolyte leakage from leaves. The cuttings treated similarly with water, GA 3 (10-6M), IBA (50 ppm), Bio-Algeen S90 and an environmental sample were the control. A mixture of all algae strains present in water taken from a natural water reservoir constituted an environmental sample.
The number of roots and shoots produced by cuttings, as well as their length, were assessed every two days for one month since the planting of cuttings in the substrate at 20ºC (growth room) or in field, at temperature depending on weather. Fresh weight of roots and shoots and their dry mass (dried for three days at 130ºC) were evaluated at the end of experiments in the growth room or in the field.
The index of chlorophyll content in the leaves (on the rooted cuttings and plants in the field) was evaluated using a Minolta SPAD-502 chlorophyll meter (Konica Minolta) and expressed in SPAD units. The activity of net photosynthesis, stomatal conductance, intercellular CO 2 concentration, and transpiration were measured in the infrared light using a TPS-2 gas analyzer apparatus, PP Systems (USA) [20, 21] . Activities of acid (pH=6) and alkaline (pH=7.5) phosphatase and RNase in the leaves were examined according to the methods described by Knypl and Kabzińska [22] . Total dehydrogenase activities were evaluated by the procedure described by Górnik and Grzesik [23] using SHIMADZU UVmini-1240 spectrophotometer for formazan determination at a wavelength of 480 nm. Electrolyte leakage was measured at 20ºC 2 and 4 hours after placing the leaf segments in test-tubes and adding 3 ml of distilled water using an Elmetron CC-551 microcomputer conductivity meter [23] .
The obtained data, given as means from series and repetitions, were processed by applying analysis of variance. The means of chosen parameters were grouped employing Duncan's test at the α = 0.05 significance level.
Results and Discussion
The positive effect of Cyanobacteria and green algae on rooting of willow cuttings, plant growth, and their physiological activity were found to be significant. The studies have shown that all 10 treatments applied to cuttings or substrate markedly increased rooting of cuttings and plant growth in comparison to the control variants, in which the cuttings were not treated (Figs. 1, 2, 4, and 5; Table 1 ). Four-day soaking of cuttings in water caused an intermediate effect. These cuttings rooted and plants grew better than the control, but worse than those subjected to 10 mentioned tested solutions. The most effective proved to be the monocultures of Microcystis aeruginosa MKR 0105, Anabaena sp. PCC 7120 (Cyanobacteria), and Chlorella sp. green algae), which applied to cuttings, significantly increased dynamics of their rooting, number and length of formed roots or shoots, and their fresh and dry weight in the growth room and the field, as compared to the treatments with water, Ga 3 , IBA, Bio-Algeen S90, and the environmental sample. The plants obtained from the cuttings treated with Cyanobacteria and the green algaestrains developed faster and also showed a higher health status. However, the observed improvements depended on the used species of Cyanobacteria and green algae, and methods of application. The obtained results are in line with other experiments indicating stimulatory effects of the tested blue green algae on wheat and their inhibitory influence on growth of pathogenic bacteria and fungi [12-14, 17, 24] . El Modafar et al. [25] found that bioelicitors, which were obtained from the green algae (U. lactuca), had natural defense properties and triggered systemic acquired resistance which seemed to be salicylic acid-dependent and can be used for crop protection. These elicitors significantly reduced wilt development in tomato seedlings caused by Fusarium oxysporum f. sp. Lycopersici. Similar results to those observed in willow showing more beneficial influence of the studied blue green algae than of the standard IBA were also found in cabbage. Hussain and Hasnain [26] observed that the impact of phytohormones of microbial origin, supplemented the medium on regenerate leaf, stem, and root of Brassica oleracea L., was comparable to the standard cytokinins and IAA. However, phytohormones of cyanobacterial origin proved to be better at inducing adventitious roots and shoots on internodal and petiolar segments of Brassica oleracea L. [26] .
Glick et al. [27] showed that some plant-interacting bacteria released high levels of IAA. This can cause local changes in the balance of endogenous plant hormones and their nature will depend on the concentration of and sensitivity to these hormones. Sergeeva et al. [28] examined the potential in Cyanobacteria to produce the phytohormone IAA. This was done by screening for endogenous IAA levels and IAA release in a range of free-living cyanobacteria. They observed that Cyanobacteria, and in particular symbiotic isolates, were capable of both accumulating and Ability of Cyanobacteria and Green... 1005 releasing IAA, and suggested that IAA accumulation was stimulated by exogenous tryptophan and might proceed via the indole3-pyruvic acid pathway.
Cyanobacteria may respond to changed phytohormone signals-both those free-living and those in planta. According to Johansson and Bergman [29] Nostoc strains stimulate mitotic activity in host cells close to the site of penetration. They also provoke growth of plant protrusions ramifying through the mucilage-filled cavities infected by Cyanobacteria in bryophytes and Azolla [30, 31] .
The enhancement of rooting of willow cuttings and plant growth was associated with the increased physiological activity in cells and tissues, which was expressed by greater index of chlorophyll content in the leaves, activity of net photosynthesis, transpiration, and stomatal conductance, but lower intercellular CO 2 concentration as well as higher activity of acid (pH=6.0) and alkaline (pH=7.5) phosphatase, RNase, and dehydrogenase, and decreased electrolyte leakage from leaves (Tables 2 and 3 , Fig. 3 ). This indicates that the studied Cyanobacteria and green algaestrains contain a potential source of bioactive compounds that activate several metabolic processes, regulating the growth and development of plants. The obtained results are in line with our other studies showing the positive influence of microalgal cell suspensions on cutting rooting, metabolic activity, and plant development of grapes, or on seed germination and seedling growth of sunflower and corn. They also confirm previously described interdependencies between plant growth enhancement and the presence of cyanobacterial strains or methods of their application [7, 32] . Reduced electrolyte leakage from leaves observed in the present experiment indicates that the investigated Cyanobacteria and green algae lowered permeability of cytomembranes. The positive impact of the used strains on cutting rooting and plant growth might have been caused not only by the increased concentration of different bioactive compounds present in green algae and Cyanobacteria [8] , but also by their ability to assimilate atmospheric nitrogen and indolic compounds, as it was found in research performed on rice, wheat, gillyflower, grapevine, and Virginia fanpetals [2, 7, 9, 15, 16, 33, 34] .
Increased activity of dehydrogenases shows that the used monocultures include compounds that positively influence the activity of the respiratory cycle in cells. Our research also indicated that substances derived from Cyanobacteria and green algae stimulated the activity of acid and alkaline phosphatase. Phosphatases are a broad group of enzymes that catalyze the hydrolysis of organic phosphorus and are used to assess the potential rate of mineralization of compounds in soil. Moreover, they are responsible for the distribution of phosphorus in a plant. Phosphatases are periplasmic enzymes, i.e. those which are deposited on membrane or between cytoplasmic membranes and a cell wall. Thus their increased activity could also contribute to lowering permeability of membranes, which was observed in these studies. Mohammadi et al. [35] showed that application of biofertilizers had a significant effect on nutrient uptake by wheat after combined application of Cyanobacteria and A. chroococcum. These microalgae caused higher P content due to their ability to produce organic acid such as gluconic, citric, and fumaric acids under P-limiting conditions. The phosphatases are considered also to be a good indicator of organic phosphorus mineralization potential and biological activity of soil and activity of the second metabolites synthetized by Cyanobacteria and green algae (Table 3 ) [36] [37] [38] . De-Mule et al. [39] and De-Caire et al. [40] revealed significant differences in the dehydrogenase enzyme activities between the material fertilized with algae and the control. This stimulation could be the proof of great benefits of algal cultures that excrete many substances (growth-promoting regulators, vitamins, amino acids, polypeptides, antibacterial, and polymers, especially exo-polysaccharides) and that induce growth promotion of plants and increased enzyme activities. Just as in higher plants, downloading phosphate by Cyanobacteria and green algae depends on the pH of the environment. pH between 6 and 7 is conducive to the uptake of phosphate ions. Green algae Chlorella sp. use inorganic multi phosphates, and numerous marine algae use phosphate glucose, glycerol and adenosine, guanine and cytosine. In Anabaena sp., acid and alkaline phosphatases able to cleave phosphate residues of polyphosphates with energy release were revealed. It was noted that alkaline phosphatases were synthesized intensively when there was a deficit of phosphorus, and the abundance of phosphorus caused the disappearance of their synthesis or activity. These enzymes are located at the surface of protoplasm. Ribonuclease (RNase) present in vegetables constitutes a heterogeneous group of enzymes involved in the process of enzymatic degradation of various fractions of a ribonucleic acid. Activity of these enzymes is increased during seed germination, apoptosis, and aging of plant organs. The results of biochemical analysis published by some authors indicate the stimulation of RNase activity during a phytopathogens attack and under phosphorus deficiency conditions [41] [42] [43] . According to Booker [44] , modifying the degree of ribonuclease activity of particular genes can be by the specific degradation of mRNA transcripts. Stimulation of the specific RNase activity may play an important role in shaping defense mechanisms in plant tissues.
The performed research showed that the impact of the used algae strains on plant metabolism depended on species of Cyanobacteria and green algae and method of their preparation for the application (sonication or not sonication). Microcystis aeruginosa MKR 0105 was slightly more effective in increasing rooting of cuttings and plant growth than Anabaena sp. PCC 7120 and Chlorella sp. This may depend on the composition of these monocultures, which has not been fully elucidated so far. Moreover, the not sonicated monocultures increased the cutting rooting and plant growth more than the sonicated ones (Figs. 1-5, Tables 1-3 ). This could be the result of additional assimilation of atmospheric nitrogen by intact cells, which could positively influence not only growth of plants, but also the observed higher content of chlorophyll in leaves [9] [10] [11] . Similar interdependence was found in corn [32] . Our studies also showed that applied monocultures of Cyanobacteria and green algae better influenced rooting of cuttings and plant growth than an environmental sample taken from the water reservoir. This indicates that the environmental sample could additionally contain toxic algae species that negatively affect growth of plant and animal cells [32, 45, 46] . For this reason, the use of the carefully selected monoculture of Cyanobacteria and green algae is more advisable to intensify the development of plants than treatments with unidentified strains.
The effectiveness of used strains, i.e. Microcystis aeruginosa MKR 0105, Anabaena sp. PCC 7120, and Chlorella sp., on cutting rooting and willow plant growth depended also on their application methods. Four-day application of these monocultures to the conditioned cuttings and then their rooting in the substrate moistened with water was significantly more beneficial than their application to the substrate in which the untreated cuttings were then rooted and plants were grown. (Figs. 1, 2, Tables 1-3) . This was the result of the earlier imbibition of cuttings and initiation of the metabolic pre-rooting processes before their placement in the substrate. The earlier initiation of physiological processes triggered by the biological compounds (present in the strains) caused immediate rooting of the conditioned cuttings after their planting in the wet substrate, while in the not-conditioned ones the pre-rooting metabolic processes were initiated only after planting, and thus it delayed the rooting. Similar interdependence was found in China aster, tomato, and corn, in which the conditioned and unconditioned seeds were tested [32, 37, 38] .
The obtained results, as well as the presented literature data, indicate that the application of selected forms of Cyanobacteria and green algae can be favorable for growth, development, and metabolic activity of plants. Some of them have the remarkable ability to form intimate symbiotic associations with a wide range of eukaryotic hosts belonging to different plant groups. Cyanobacteria are also biogeochemically important components of diverse ecosystems that play a significant role in carbon and nitrogen cycling. Swarnalakshmi et al. [47] evaluated novel biofilmed preparations using Cyanobacteria (Anabaena torulosa) as a matrix for agriculturally useful bacteria (Azotobacter, Mesorhizobium, Serratia, and Pseudomonas) in wheat crop. The results were promising and showed the correlation between nitrogen fixation and increased P uptake by plants. Non-toxic cyanobacterial and green algae cultures can be used in ecological and integrated willow cultivation and will facilitate environmental protection by reducing the need to use toxic artificial fertilizers and accelerating plant development. Sahu et al. [1] described that these microorganisms are able to convert complex nutrients into simple nutrients for the availability of the plants and crop yield can be increased by 10-25% if biofertilizer is used properly. They can also positively affect soil pores and production of adhesive substances. Microorganisms are able to excrete growth-promoting substances such as auxin and gibberellin, vitamins and amino acids. They have the ability to increase water-holding capacity through their jelly structure. Saadatnia and Riahi [48] showed that Cyanobacteria increased soil biomass after their death and decomposition and decreased soil salinity and prevented weed growth.
Additionally, Wilson [49] and Romanowska-Duda et al. [50] noted that after the application of Cyanobacteria as fertilizer the level of phosphorus an nitrogen in soil increased due to decomposition of organic acids. Such increased biomass is capable of absorbing about 20% more CO 2 , which is particularly important and useful in mitigating this gas content in the atmosphere. Due to the limited amount of literature data and the increasing worldwide interest in this issue, further studies are required to elucidate this phenomenon, as well as to identify active compounds released by Cyanobacteria and green algae strains. A. PCC 7120 ly increase rooting of willow cuttings, plant growth, and stability of cytomembranes, and intensifies activity of net photosynthesis, transpiration, stomatal conductance, RNase, acid, alkaline phosphatase, and dehydrogenase, and decreases intercellular CO 2 concentration. 2. Four-day application of Cyanobacteria and green algae strains to the conditioned cuttings and then their rooting in the substrate moistened with water were significantly more effective than their application to the substrate in which the untreated cuttings were then rooted and plants were grown. 3. The use of biofertilizers such as non-toxic Cyanobacteria and green algae is economic, environmentally friendly, and increases crop productivity of willow. 4. Many questions have to be addressed to elucidate the specificity of symbiosis and the criteria for being symbiotically competent concerning both Cyanobacteria and a host, and as well as the factors affecting this event. 5. Cyanobacteria are able to increase crop yield by making the soil fertile and help to create an environmentally friendly agro-ecosystem that ensures economic viability. Cyanobacterial fertilizers also contribute to stabilization of soil and organic matter, release growth promoting substances, improve the physico-chemical properties of soil, and solubilize phosphates. 6. This is the new biological method considered one of the most promising alternative strategies for crop and soil protection.
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